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ABSTRACT

A limited investigation, conducted to determine the
avail abil ity of data on ship casualties involving structural
damage, revealed 824 applicable cases. A method was devised
for reducing reported casualty data into a format adaptable
to automatic tabulation and analysis. Collision with fixed
and mobi 1e structures was found to be the predominant cause
of structural damage; heavy weather damage to the forefoot
and forward weather deck al so occurred with significant fre-
quency. Patterns of damage frequency and location exi st.ed
on a number of cl asses of shi ps. These have been interpreted
to indicate how structures could be altered to reduce the
damage sustained. Recommendations are made to continue the
data CO1 lection and analysis program and to investigate more
extensively the ways in which significant structural design
information can be extracted.
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INTRODUCTION
ThegoalofProjectSR-189,“ShipStructureReliability

Analysis”,istoconducta surveyofshipstructuralfailures
asrelatedtotypes,frequency,andlocationinordertodevelop
meaningfultrendsandtoassessthepossibilityofeliminating
orminimizingthesefailuresandsoimprovestructuralreliability.
Thisreport,coveringoneyear’seffort?presentsthedata
collectedduringthesurvey,togetherw~thconclusionsand
recommendations.

Briefly,theplanwasto:

0 Surveydatasourcestodeterminethe
amountandkindsofdataavailable.

● Developa datacollectionformatcompatible
withtheinformationavailableateachsource.

.Collectavailabledatafromeachsource.
● Analyzethedatacollected.
● Reporttheresults.

TheshipsrepresentedinthedatabaseareU.S.built,
subsidizeddrycargoships,anda fewMSCtankers.Modernship
designsdifferfromtheirWorldWarIIpredecessorsinmany
respectsandmodernshipsteelsgainedbroadacceptanceinthe
mid-1950’s;accordingly,onlyseagoingshipsbuiltafter1955are
includedinthisstudy.
SOURCESOFCASUALTYDATA

Shipstructrualcasualtydatawereobtainedfromthefiles
oftheU.S.CoastGuard(USCG),theMaritimeAdministration
(MARAD),andtheMilitarySealiftCommand(MSC).Thisinformation
comprisesthedatabasefromwhichanalysesweremadeofstructural
damage.AmericanBureauofShipping(ABS),U.S.SalvageAssocia-
tion,andSalvageAssociationofLondonreportswereoftenapart
ofthefilesoftheaforementionedagencies,andprovidedamajor
portionofthedetailedinformation.

A few~ommentsareinorderregardingthekindsofinforma-
tionderivedfromeachsource:

AmarinecasualtymustbereportedtotheCoastGuardwhen-
everitresultsindsmagetopropertyinexcessof$1,500.00,
materialdamageaffectingtheseaworthinessorefficiencyofthe
vessel,strandingorgrounding,lossoflifeorinjurywith
incapacitationfinexcessof72hours(46Cn97.01-1).Inaddition,
aReportofStructuralDamage,CollisionDamageorFireDamage
(FormCG2752)issubmittedincasesof:

..—
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1. ClassI StructuralFailure:a failurewhichhas
weakenedthemainhullgirdersothatthevesselislostor
isina dangerouscondition.

2* ClassIIStructuralFailure:a failurewhichdoes
notendangerthevesselbutinvolvesthemainhullstructure
ata locationwhichexperiencehasindicatedisapotential
sourceofdangerousfailure.

CollisionorGroundingwithdamageinexcessof
$1,500:60.

4* FireorExplosionwithdamageinexcessof$1,500.00.
CasualtieswhichhavebeenreportedtotheCoastGuard,butfor
whicha Form2752hasnotbeencompleted,werenotincludedin
thisstudy.

MARADfilescontaindataonU.S.shipsparticipatingin
thesubsidyprogram.Recordsforsubsidizedvoyagesduringthe
period1966throughmostof1969wereavailable.Mostofthe
earlierrecordshavebeendestroyedbutsomedatawereobtained,
onspecificstructuralcasualtiesoccurringduringtheperiod
1961through1965,fromothersourcesatMARAD.Itisworthyof
metitionthatsomeshipsgoinandoutofsubsidy,thusinformation
onstructuralcasualtiesoccurringduringout-of-subsidyoperation
maynotbeincludedinthefiles.Themajorityoftherelevant
datacontainedinMARADfilesare intheformofinvestigative
reportsfromoneormoreofthefollowingorganizations:U.S.
SalvageAssociation,ABS,andSalvageAssociationofLondon.

FilesoftheMSCcontaininformationonshipsoftheir
fleetfromdateofconstruction.Themostusefulsourcesofdata
foundinthesefileswereABSsurveyreports.

Insummary,directaccesstostructuralcasualtyfileswas
possibleattheU.S.CoastGuard,MARADandMSC.Information
atthesesourceswhichbecameapartofthedatabaseforthis
projectcomprised:

1. CasesforwhichaUSCGReportofStructuralDamage
(FormCG2752)wasfiled.

2. CasesforU.S.flagshipvoyagessubsidizedby
MARADduringtheyears1961through1969.The
relevantinformationintheMARADcasefilesis,
forthemostpart,intheformofreportsfrom
U.S.Salvage,ABS,orSalvageAssociationofLondon.

3. CasesforMSCships,fromtheirdateofconstruction,
whereABSsurveyswereconducted.
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CASUALTYDATACOLLECTION
Attheoutsetoftheprojectatentativelistingofinfor-

mation~equirementswasderived.Aftervisitingthevarious
potentialdatasourcesandperusingrepresentativecasefiles,a
revisedformatwasdevelopedforuseintheactualdatacollec-
tioneffort.A copyofthisformisshowninFigure1.

Inadditiontoa casenumber,thedesiredinformationis
dividedintotenbasiccategories:

1.
2.
3.
4.
5.
6.
7*
8.
9*
10.

ShipData
InformationSource
Circumstances
Cause
Disposition
Extent
TypeofFailure
TypeofStructure
Location
Remarks

Eachbasiccategoryisthendividedintosubcategorieswithcoded
designationsforeachitemandsub-itemsoastopermittheuseof
automaticdataprocessingequipment.Theentiredataformatas
showncanhereducedtoa singlecardforbasicshipdataand
anothercardforthedetailsofthespecificstructuralfailure.
Thusfora givenshipforwhichtherearetenindividualstruc-
turalcasualtycases,therewouldbeelevendatacards.

Costofrepairisnotincludedonthedataform.Formost
ofthecasesinvestigatedinthisstudy,costinformationwasnot
available.

SCOPEOFSTRUCTURALCASUALTYDATA
Thesurveyofstructuralcasualtyrecordsresultedina data

baseof824casesfrom146shipsoverthe15yearsconsidered.It
isdifficulttodeterminethetotalnumberofU.S.Flagships
operatedduringthatperiod.However,forcomparisonpurposes,in
mid-1969therewere244subsidizedmerchantshipsofover1000
grosstonsinanoperatingstatusintheU.S.FlagFleet.In
additionMSCwasoperating23shipsbuiltafter1955.

Table1representsabreakdownofthedatabasebyalleged
causeofthecasualty.



SHIPSTRUCTURERELIABILITY ANALYSIS l.ca== No.
2.N.me 3.Off,No.

SHIPDATA ABSRec. 4. TypeofVe$ml
O?her

5-Length 6- Brnadth 7’ Depth 8. Draft 9. Displacement tc.n5

10-YeCIrBuilt ““Gross Ton. 12.H.11Material:lh.oln 13-N0. of Holds

i4.
‘=”=:=:%’ ---??aY..BY

Yaorof Last MalorConversion

17. 18. 20.
MachineryLocation: lDMidshi Ps SuperstructureLength Bulb

2~ Aft 19. 21.
SuperstructurePosition ‘b

24. a) Files
INFORMATIONSOURCE

24. b) Surveyreport
“1 HUSCG
2 ❑MARAD

1 ❑ AB5
2 ❑ USSALVAGE

22.S.rvey Date 3 flMSTS 3 ❑ SALVAGEASSOCIATIONLONDON
23.S.rv.y Lo..ti.n 4 D ABS

5 ❑uSSALVAGE
Other

25.G=og.L..atI.. 26.Ra.t. From
CIRCUMSTANCES OR 27.To

28.1funknown,fail. refound.. annualsurveyl~ or drydockingzn

29. ShipSpeed I30”Course 31.LoudConditions:1 ❑BollcIst L32-Date
97 nA. chored 999❑Mane.verirjg 2 11 Partial

99rilnDrydock II 98fl Moored I I 3H Full Load 33.Time

42.1 mUtidetarminad
2DH0avY Weather
3n Fire
4~ Flooding

%%::2
70 Vibra,ion~rshock

:9
Lounchingor Drydo.king
CorgoShifting

10~ West.ge
]1flExPlo. io.
12DIC.3
13 D%uck Obiectin WCJt*r

CAUSE
1

4’. ln Alleged 2 m Proven DISPOSITION
1

43.1 D Repairedat Sea
2 ❑TemporaryRepair
3 ❑Part Repaired
4 m Repairat Next For?
5 ❑Repairat NcIxtDrydocki.g

F====44. PreviousRelatedFailure:

TYPE OF STRUCTURE I
47.1 D Bulkhe~d(l.cl. stiffefiifig)

I

2 n Dack(lncl. stifftanimg)
TYPE OF FAILURE

46.1 D Frocwre

~ ~ ~he~;~l. .+iff.ni.g)

5 D Floors
z D Buckling 6

B

From..
3 H Deformation(Bulging, 7 Plating

Indentation,Setup) 8 stem
4 D Crocks 9 n Star. Fmmne
5 D B~.di. g 10 n Bilge Keels
6 u F.ilumof Weld

~~ B
HatchCoaming

7 D w6<tOga WebFrame,

i

IOther

REMARKS 54.

39”WaveLm.gth

40”WaveDirection

~ “—
45-1 D Catastrophic-Ship I-$f

2 D Maiar- U.ableto proceed

3 ❑Minor- No delny-repair.ndnrway
orat next port

4 a Local - Repair.+ Convenience

LOCATION I Bott.mn
Bilge
Tonktop
Side
WeatherDeck
InteriorDeck
sup*r%truct”re
Forecastle

5’” TonkNos.

53-FramoNos. I

Fig.1 - SampleDataForm

.. -—.
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Table1 - StructuralCasualtyDataBase

ALLEGEDCAUSE

CoUsiontitiVe8se{sNongsi~ ‘A”’
Coil.isionswithPiersQuays

CollisionsWithLocks ~ **
CollisionswithVesselsUnderway
MiscellaneousCollisions

{
HeavyWeather,BottomSlamming

<HeavyWeather,ForecastleandWeatherDeck
~eavy Weather,Miscellaneous
Grounding
StruckObjectinWater
Ice
Wastage
Fire
LaunchingorDryDocknng
LoadingorDischargingCargo
Miscellaneous
Undetermined

NUMBER
OFCASES

203
179
75
66
27
48
23
17
37
14
7
8
‘4
2

18
10
86

PERCENT
OFTOTAL

24,6
21.7
9.1
8.o
3.3
5.8
2.8
2.1
4.5
1,7
1.0
1.0
1.0
1.0
2.2
L2

10.4
824 100.0

Unfortunately,informationonthedollarcostofdamage
wasnotgenerallyavailable.Thefollowingdiscussionofthe
frequency-of-occurrenceofaparticulartypeofdamagedoesnot
includecost.Frequencyaloneisnotnecessarilyameasureof
theseverityofdamage.

Varioustypesofcollisiondamagecomprisethelargest
Portionofthetotalcases--67%.Heavyweathercauses,result-
inginforefoot,forecastleandweatherdeck,orothermiscellane-
ousdamage,arethenextlargestgeneralcategory--11%ofthe
total.Casesforwhichthecauseofstructuraldamagewasunde-
terminedamounted,toalittleover10%,andtheremaining12%
fellintoeightothercategoriesasshown.

Collisionswithpiers,quays,andotherfixedmooring
structurescomprise203casesor25%ofthetotal.Townsendand
Hamrinfounda similartrendfor100shipssurveyedoveraperiod
ofayear(MARINEENGINEERING/LOG7“ShipDamagell,p.51,Vol.
LXVIII,No.11,October1963).Collisionswithlockscompriseda
littlelessthan10%ofthetotaldatabase.Shipsofsomedesigns
didnothaveanyreporteddamagefromthiscause,suggestingthat
traderouteconsiderationsareamajorfactor.

—
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Structuraldamagesustainedthroughcollisionswithother
vesselsalongsidealsoconstituteoneofthemajorcategories
ofcasualties.Tugsassistingshipsduringmooringmaneuvers,
lighters,cranebarges,andlandingcraftofvarioustypeswere
frequentlypartiesinsuchcollisions.Anumberofthereported
casualtieshappenedinSoutheastAsiawherecargoshipswere
unloadingdirectlyintolandingcraftandlighters.

Structuralcasualtiesofundeterminedcause
ofthedata.Thesecasualtieswereallminorand
revealedinthecourseofroutinesurveys.

Thirty-sevengroumdings--4.5%ofthedata
Ofthese.31involveddeformationandbucklingof

comprise10.4%
generallywere

--werereported.
variousunder-

waterportionsoftheships,withonlysixcasesofholingor
fracturingofbottomplating.In23cases,ofwhichfour
involvedbowbulbs,onlyshellplatingdamageoccurred.Five
morecasesinvolvedinternalstructuralmembersaswellasshell
plating,andnineadditionalcasesincludeddamagetobilge
keels,plating,andinternals.Aboutone-thirdofthedamaged
areaswerelooatedintheforebody,aboutone-halfaroundthe
midbody,andtheremainderaft.

Threeothercategoriesofstructuralcasualtieswarrantbrief
mentioninthissummary.Damagecausedbystrikingobjectsinthe
water,forthemostpartwasconfinedtoships’bottoms(9outof
14cases),indicatingthatthevesselseitherstruckanunchartered
objectoractuallygrounded.Mostofthesecasesinvolveddeforma-
tionandbucklingoftheshell,ortheshellandinternalstructural
members.

Structuraldamagecausedbyicewasrevealedduringthesurvey.
Thetotalnumberofcaseswassmall(7)but,sincealloccurredon
tankers,thismaybeofspecialinterestrelativetoA~cticship
design.Itisworthmentioningherethat,withoneexception,
damageattributedtoicewasfairlyextensive,involvingnumerous
platesonthesidesorbowand,inonecasebucklingofthemain
~eck,internalbulkheads,andfracturingofframingandshell.

Withfomexceptions,thestructuraldamagewhichoccurred
duringloadinganddischargingoperationsisofonlyincidental
interest.Fourcaseswerefoundwherestructuraldsmageresulted
fromfillingtanksunderpressure;threeoccurredontankersand
thefourthona cargoship.Inoneinstancetheproblemwas
tracedtoaventball-checkvalvewhichwaspluggedwithrust;
whethertheremainderresultedfrominadequateventsizeorthrough
carelessness,isnotknown.

Figure2showsthelongitudinalandverticallocationof
damageforallcasesandallshipsononetypicalprofile.The
transverselocationisnotindicatedbutmostcasualtiesaffected
primarilytheshellorcontiguousstructure.-Damageindicatedon
thebaselineinthisfigurewasgenerallyduetoslammingand
concentratedatthecenterline.

. —
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Fig.2 - LongitudinalandVerticalLocationofDamage,
AllCauses- AllShips

Therelativelocalizationofshipdamageislistedin
Table2. Thestatisticalcenterofdamageisforwardofamid-
shipsandgenerallythedamageoccursintheoutboardportions
ofthehull.Italsoappearsthatcertaintypesofstructure
aremoresusceptibletodamageasshowninTable3. Here58%
oftheoccurrenceswereintheshellandstiffenersand19%in
theframing.Table4indicatesthatthepreponderanceof
casualties(79%)resultedindeformation.

Table2 - GefieralDistributionofStructuralDamage

Polw 49% FORWARD
CENTER 9% MIDSHIPS
STARBOARD 42% AFT

Table3 - Distributionof
FailuresbyStructural

Elements

rypI?ofStructure
13ulkhead
Deck
Shell
Bulwark
Floor
Framing
Plating
Stem
BilgeKeel
WebFrame
Remainder

%Occurrence
5
6

58
3
2

19
1
2
1
2
1

34%
40%
26%

Table4 - Distributionby
TypeofFailure

TypeofFaihrre
Fracture
Buckling
Deformation
Wastage
DeformationandBuckling
Deformation,Buckling,andFracture
DeformationandFracture
Cracks,Bending,WeldFailure,WireCutting,Holing

%Occurence
3
1

79
1
7
1
5
3
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STRUCTURALCASUALTYPROEIIEMAREAS

Analysisofthestructuralcasualtydatarevealedthree
areaswhichwarrantdetaileddiscussion.Whiletheseareasare
notintendedtobeall-inclusive,theyarepresentedtoindicate
thevalueoftheprograminidentifyingandlocalizingproblems.
Someneedadded~esearchwhileothersneedtobebroughttothe
attentionofdesignersforrefinementofdesigndetails.These
threeareasarecollisiondamage,slammingdamage,andforecastle
andweatherdeckdamage.

Some13specificshipdesignclasseshavebeenselectedfor
amoredetailedinvestigationofthesethreeproblemareas.Ships
ofeachoftheseclasseshavesustaineddamageattributedtoone
OTmoreoftheproblemareasasindicatedinTable5.

Table5 - ClassesofShipsSelectedfor
DetailedDamageAnalysis

Design

A
B
c
D
E
F
G
H
I
J
K
M
N

ShipsIn
Class

11
8
8
4
5
6
6
2

26
6
5
1
2

Delivery
Dates

1962-63
196(F62
1961-63
1960-61
1964-66
1962-63
1962-63
1966

1960-65
1964-65
1961-65

1958
1961

Approximate
Speed,Kts.

21
19
18
18
21
20
20
23
18
23
20
16
20

Machinery
Location
Midship
Midship

Aft
Midship
Mjdship
Midship
Midship
Midship

Aft
Midship
Midship

Aft
Midship

DAMAGECASESANALYZED
Collision SlammingWeather

48 14 4
30 11
16 7
11 4
18 2
18 2
30 2

1
145 3
31 1
16 1

7
5
5
1

CollisionDamage

Tencargoshipdesignswereselectedforcollisiondamage
analysis.Shipsofthesetendesignswereinvolvedinalmost
80%ofthecasualtiesrelatedtocollisionswithpiers,vessels
alongside,andlocks.

Threespecificfactorswereinvestigated:

1. longitudinalextentandlocationofdamage

2. verticalextentandlocationofdamage

3. ty-peofdamage.

The followingpa~agraphscoveranalysesofeachofthesefactors.

— —.. —-
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100 90 80 70 60 50 4(I 3(I 20 ~fJ O
PercentofLengthFromStem

Fig.3 - LongitudinalDistributionofCollisionDamage

Usingthesurveydata,andbasicinformationfortherespective
shipdesigns,plotswerederivedofthelongitudinalextentandloca-
tionofcollisiondamage.Collisionswithpiers,vesselsalongside,
andlocksweretreatedseparatelyinordertoascertainwhetherchar-
acteristicdifferencesexistedbetweenthesetypesofdamage.

Comparisonsofindividualshipresultsbycausedidnotshow
anymarkeddifferencessotheywere-combined.‘Figure3showsthe

\ I r I

l+heer

1st

2nd

3rd

4th

I
5th

6th

)Bilge
~ 20 30 40

PercentofTotalPlates

Fig.4 - VerticalDistribution
ofCollisionDamage

._—

longitudinaldistributiofiof~amagedueto
strikingpiersandquays,damagefromcolli-
sionswithvesselsalongside,anddamagedue
tostrikinglocks.

Thedataforthesametenshipdesigns
providedthebasisforanevaluationofver-
ticalextentandlocationofdamagerelated
tothesamethreecauses.Informationfrom
thesurveydatasheetsonindividualdamaged
plateswastabulatedforeachdesign.This
informationwasthentotaledandanalyzedto
determingtrendsinverticaldistributionof
damage.Tables6,7,and8 summarizethe
resultsforpier,vesselalongside,andlock
collisionsrespectivelyandtheresultsare
displayedgraphicallyinFigure4.

ItcanbenotedfromFigures3and4
thatthelongitudinalandverticaldamage
distributionsfromcollisionswithpiersand.
locksaremarkedlysimilarwhereascollisions
withvesselsalongsideresultindistributions
withdifferentcharacteristics.Pierand.quay
collisionstendtocausesomewhatgreaterdam-
ageatthewaterlinethandocollisionswith
locks. Lockcollisionstendtoproducemore
damagejustbelowthesheerstrakewhichis
probablyrelatedtoaccidentsoccurringwhen
shipsareonthelow-watersideofthelock.
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Table6 - VerticalDistributionofDamageDue

NumberofPlatesInvolvedPerStrake

toStrikingPiers

StralreBelowSheerSi,rake
Design CasesperClass.

A 17
B 16
c 11
D 8
E 7
F 9
G . 19
I 52
J 10
K 9

TOTALS x

PERCENTOFPLATES

SheerStrake 1st—

2
3
2

10 12

30 54
3

G Y6

9.6 1s.3

2nd 3rd 4th 5th 6th— —
T ~8 71 -

22 16 l--
11 10 l--
18 26 l--

5 s2-
5 ----
272473

57 1 ~. 11
95 ---

16.1 31.7 14.9 6.0 3.4

Table7 - VerticalDistributionofDamageFromVesselsAlongside

i!lumberofPlatesInvolvedPerStrake
StrakeBelowSheerStrake

Design CasesperClass SheerStrake 1st q: 3+ AS ~ 6_t+TumofBilge
A 13 1 -i
B
c
D
E
F
G
I

.J
K

TOTALS

11
5
3
4
8

11
60
11
7

=3

2

5
1

13

9 46 28 4 - -
4 15 16 4 - -
12----
.- 14––
431---
-- 4 15 9 –
91 14 SI 3 3 16
23 70 44 7 - -
-- 252-.— —

G3GG 70 23 19

2

7

PERCENTOFPLATES 3.6 22.2 25.o 30.4 11,63.8 3.1 0.3

Table8 - VerticalDistributionofDamageDuetoStrikingLocks

NumberofPlatesInvolvedPerStr*e
St@reBelowSheer!Mrake

Desigu Casesperckss 8heerStrake 1st 2nd 3rd 4th 5th 6th
A 18 7 —3 T To m-z
B 3 254 ---
E 7 7 71-
F 1 1 3–---”–
1 33 5 22 - 17 11–
J 10

TOTALS T2

PERCENTOFPLATES 4.7 24.0 14,7 26.0 18.7 9.2 2.7
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Thelongitudinalandverticaldamagedistributionsfor
collisionswithpiers,quays,andlockshatiebeencombinedto
producethecontoursofFigure5. Thesearecontoursofequal
damageprobability;theyarelabelledwithanarbitraryscale
rangingfrom1to10,i.e.,fromlowesttohighestprobabilityof
damageintheregionofthehullalongthelinesofthecontours.
Asimilarsetofcontours,basedondatafromcollisionswith
vesselsalongside,isgiveninFigure6.

100 90 80 70 60 10 0

---=---~ \/-

1

Sheer

\\\= “-2-7zA\\- ?//// / 4th

1- -+/ I
I l“’-A” \——
L -JBil,g~

$trake
90 80 70 60 54 40 so 20 10

PercentofLengthfromStem

Fig.5 - DamageLocationProbabilityContoursFromCollisionsWith
Piers,Quays,andLocks

100 90 80 70 60 w 40 M m 10 0

\
90 80 70 60

Percent0[ LengthfromStem

Fig.6 - DamageLocationProbabilityContoursFrom
CollisionsWithVesselsAlongside
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Table9 - FailuresResultingFromStrikingPiers

Design Total ShellDeformationShell&InternaiDeformation,
Cases Only _Deformation Buckling

A 17 8 4 3

Internal
Fracture

Misc.
Fracture

2
B
c
D
E
F
G
I
J
K

TOTALS

16
11
8
7
9

19
52
10
9

E

5
6
1
5
3
8

33
5
5

E

11
5
7
1
6

10
10
4
3

G

. —
——

— —

.

—

-o --i15

Table10- FailuresResultingFromStrikingVesselsAlongside

Design Total
Cx

A 13
B 11
c 5
D 3
E 4
F 8
G 11
I 60
J 11
K 7—

TOTALS133

ShellDeformation
Onlv

7
5
3
1
3
6
8

45
10
7—

95

Shell&Internal
Deformation

4
4
2
2
1

3
8
1

T5

Deformation,
Buckling

1
1

Shell
Fracture

1

Internal
Fracture

Misc.
.J

—

—

—

1
—

1
—
.
—

T

5 1 1
—

—

-7
—

—
3 3

Table11H FailuresResultingFromStriking
Design Total ShellDeformatimShell&IntemalDeformation,

Cases Only Deformation Bucklirrg
A 18 11 5 2
B 3 1 1 1
E 7 4 3
F 1 0 1
I 33 10 21 1
J 10 3 ~ —

TOTALS~ G 38 4

Locks
Shell

Fracture
—

Internal
Fracture

Misc.

—

—
—

—
o

— —
1 0

TheShipStructureReliabilityDataSheet(Figure1)lists
seventypesoffailures:fracture,buckling,deformation,cracks,
bending,failureofweld,andwastage.Asapracticalmatter,a
givencasemayinvolvemorethanoneofthesecategoriesincon-
junctionwithoneormorestructuralmembers.Analysisofthe
failuretypedataforthetencargoshipdesignsinvolvedsum-
marizingtheoccurrencesofeachtypeoffailure,takinginto
accountthepracticalaspectsoftheproblemmentionedabove.
Tables9,10,and 11 summarizetheseresults.
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Ascanbeseen,thevastmajorityofthecases,regardless
ofcause,consistedofdeformationofjusttheshellplatingor
theshellplatingandinternalstruct~al‘embers”Indeed,outof
363casestherewereonly26 casesinvolvingdeformationand
bucklingofinternalstructuralmembersandonly8involving
fracturedstructures.Ofthe8 fracturecases,only3involved
shellplating;lessthan1%ofthetotal.

Therelatzveoccurrenceofcollisiondamagewithpiersin
U.S.andforeignportswasinvestigated.ThirtyninepercentOf>. thecollisionswithpiersoccurredinU.S.portsand61%in
foreignports.Whileamuchhigherpercentageofthesecollisions

“ withpiersoccurredinforeignports,onemustbecarefulnotto
makeimproperassumptionsaboutshiphan~ingorpierconstmction~
Forinstanteritwasnotpossibletod@terminetherelativeC~~her
ofportsofcallbetweentheU.S.andforeigncourrkmes.
informationforcollisiondamagewasnotobtainedduringthesurvey.

HeaWWeatherSlammingDamage

Thetotalnumberofoccurrencesofbottomslammingdamage
amountedto48.Alloccurredondrycargoshipdesignsasshown
inTable12.Sincethenumberofcasualtiesfoundduringthesur-
veywaslimitedbytheavailabilityofrecordsfromeachsourceof
data,thenumberofcasualtiesshowndoesnotnecessarilyrepresent
alloftheoccurrencesofslammingdamagefortheshipdesignslisted.

ThelongitudinalExtentandlocationofslammingdamage,
asa functionofshiplength,isshowninFigure7foreach~hip
ofeachdesign.Ingeneral,this@Pe ofstructuraldamage1s
centeredatapproximately20%ofthelengthfromthebowand
extendsasfarforwardas5%ofthelengthfromthebowandas
faraftas35%.Figure8 showsthedistributionofslamming
damagerelativetoshiplength.

Table12- SummaryofBottomSlammingDamage

Design ShipsinClass Casualtiesin
DataBase

A 11
B 8
c 8
D 4
E 5
F 6
G 6
H 2
1 26
J 6
K 5

TOTALS G

14
11
7
4
2
2
2
1
3
1
1

~8

Casualtiesper
TotalShips

1.27
1,37
0.88
1.00
0.40
0.33
0.33
0.50
0.12
0.17
0.20

ShipsHaving
Casualties

11
6
5
3
2
2
2
1
3
1
1

0.55 37

Casualtiesper
ShipInvolved

1.27
1.83
1.40
0.75
1.00
Loo
1.00
Loo
1.00
1.00
Loo
1.30
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DESIGN

m

40 30 20 10 0
LocationofDamage- PerfientofLengthfromBow

Fig.7 - ExtentandLocationofSlammingDamagefor
VariousCargoShipDesigns

Themostprevalenttypeoffailurewasdeformationofhull
plating,inparticulartheflatkeelandA-strskesportandstar-
board.A smallernumberofcasesinvolvedadditionaldamageto
otherstrakes,floors,andinternalstructuralmembers.Furtherdetailswillbediscussedinthetreatmentofindividualdesigns.

All 11 shipsofDesign‘A’encounteredslammingdamage,atonetimeoranother;a totalof14caseswerereported.TheyencounteredthereporteddamagewhileoperatingintheNorth
Atlanticbetween1963and1966.Eightofthe11 shipssuffereddamagebetweenthemonthsofNovemberandMarch,oneinAugust
andfortheremainingtwocasualtiesnodatesweregiven.FourofthecasualtiesinvolvedtheflatkeelandA-strakesportand
starboard,oneadditionalcaseinvolvedthekeelplate,A-strakes
andfloors;theremaining9 casesinvolveddamagetocombinations
oftheflatkeel,floors,andshellextendingouttotheC-stra,ke.
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PercentofLengthfromStem

Fig.8 - CumulativeExtentandLocationofSlammingDamage

ThebodyplanofDesign‘A’indicatesgenerallyU-shaped
forebodysectionstypicalof~nY‘O‘“~argoship‘esi~sg
Figure9 showsa sketchofthestructuralarrangementm thearea
ofinterest.Althoughdetailswerenotavailable,itwas
ascertainedthatallshipsinthisclasssustaineddamageof
thetypedescribedaboveduringtheirfirstyearof.operation.
Afterrecognizingthisslammingdamageproblem,addlt~onal
longitudinalwereaddedonallshipsofthisclass.Nofurther
casualtieswereexperienced.

SixoftheeightshipsofDesign‘B’haveincurred11cases
ofslammingdamage.Sixcasesofdamageresultedfromoperations
intheNorthAtlanticduringthewintermonths.!l?hreeofthe
casualtiesoccurredintheSouthAtlanticdu~ingJulyandAWst
(winter),oneoccurredintheIndianOceaninMarch,andthe.date
ofonecasualtywasnotgiven.Eightcasesinvolvedtheflatkeel
andA-strakes?portandstarboard?twoinvolvedtheflatkeelalone
and,inonecasejusttheA-strake.In10 casesthehullplating
wasdeformedandonecaseinvolvedminorcrackingofthekeelplat@.
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DESiGN‘B’

DESIGN‘D’

1 BO’ITCMPLATINGKEEL
2 FLOOR
3LONGITUDINAL
4INNERBOTTOM
5 CENTERVERTICALKEEL
6FULLSIDEtiEELWN
7 PARTIALSIDEKEELWJN
8FLATBARSTIFFENER

4’ 5

DEWGN‘c’

Fig.9 - StructuralDetailsinAreaofBottomDamage
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Figure9 showsa sketchofthestructuralarrangementsof
Design‘B’inthemajorregionof failures.Ovaraperiodofyears
structuralmodificationsweremadetosomeoftheshipsinthis
classinordertoobviateslammingdamage.Detailsastoexactly
whatimprovementsweremade,andwhethertheyweresuccessful,
havenotbeenascertained.

FiveoftheeightshipsofDesign‘C’sufferedsevensl~-
mingdamagecasualties.Sixofthecasualtiesoccurredinthe
AltanticandoneinthePacific.Fiveoccurredduringwinter
monthsandtwointhesummerandfallmonths.Thelocationand
extentoftheslammingdamageonshipsofthisdesiqisinte~est-
inginthatitgenerallyoccurredalittlefartherforwardthanwas
thecasewithallbutoneoftheremainingdesigns(seeFi@re7).
Thecenterofdamageisapproximately16%ofthelengthfromthe
bowandisgenerallyconfinedtotheareabetween10%and20%of
thelength.

AllbutoneofthecasualtiestoshipsofDesign‘C’involved
theTlatkeelandA-strakes,portandstarboard;theremainingcase
involveddamagetotheflatkeel.Allcasesresultedindeforma-
tionoftheplating.Figure9showsstructuraldetailsinthis
area.Somestructuralmodificationshavebeenmadetoshipsin
thisclassbutdetailsofthesemodificationsandtheirrelative
successinreducingslammingdamagewerenotfound.

Design‘D’comprisesfourcargoships,threeofwhichincurred
slsxmningdamage.ThreeofthecasualtiesoccurredintheNorth
Atlantic,twointhewinterandoneinApril;thefourthcasualty
occurredinthepacificduringthewinter.Thelocationandextent
ofthisdamageisalsointerefltingsincedamagewasconfinedgener-
allytotheforward10%to20%ofthelengthandconsistedprimarily
ofdeformationoftheflatkeelandA-strsXes,portandstarboard
intheareashowninFigure9. Noinformationwasobtainedregard-
ingstructuralmodificationtotheseships.

Designs‘E’,‘F’,‘G’,and‘H’aresimilarandincurred
slammingdamageonfrom30%to50%oftheshipsineachclass.
TheslammingdamagetoDesigns‘Etand‘1?’occurredduringthe
winterintheAtlanticand,toDesigns‘G’and‘H’,duringthe
winterinthePacificandMediterraneanrespectively.Sixof
thesevencasualtiesinvolvedtypicaldeformationoftheflat
keelandA-strslces,portandstarboard,aswellasinternals;
theseventh,onDesign‘G’resultedina fractureofthe
E-strakejustabovetheinnerbottom.

Designs11’,lJ’,and‘K’incurredheavyweatherslamming
damageonlessthanone-thirdoftheshipsperclass,Fiveof
thesixcasualtiesoccurredduringwintermonthsineitherthe
PacificorAtlantic.ThreeofthecasualtiesforDesign‘I’
involveddeformationofplatesinoneormorestrakesbothport
andstarboard.ThetwocasualtiestoDesigns‘J’and‘K’involved
deformationoftheflatkeelandA-strake.
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Designs‘A’through‘D’areclassesforwhichrea~onable
proofhasbeenobtainedofsusceptibilitytodamagefromslamming.
Foreachofthesedesignsallormostoftheshipshavesuffered
slammingdamageatonetimeoranother.Mostprobably,ifmore
completerecordswereavailable,additionalcaseswouldbeadded
tothosealreadyrevealedinthissurvey.

..
Theremainingeightdesignsl‘E’through‘K’,apparently

fallintotwoadditionalcategoriesrelativetostructuralresist-
ancetoslammingdamage.Thesecategoriesare:

Thosedesignshavingsustainedslammingdamage
“butnottotheextentthattheycanreasonably
beconsideredasbeingstructurallydeficient
(Designs‘E’,‘F’,‘G’,and‘H’);

● Thosedesignshavingsustainedslammingdamage
underextenuatingcircumstanceswherestructural
sufficiencyisdifficulttoevaluate(Designs111‘J’,9 and‘K’).

Furthermonitoringofstructuralcasualtydatashouldprovidea
greaterinsightintotherelationshipbetweenstructuralsufficiency
andsusc~ptibilitytodamagefromslamming.

P~ecisedetailsastothecircumstancesunderwhichthe
casualtiesoccurredarelacking.Othe~thanthefactthatthe
majorityofthecasesoccurredduringwintermonthsonvarious
traderoutes,littleadditionaldatacouldbefound.Shipspeeds,
loadingconditions,andotherenvironmentaldetailsatthetimeof
thecasualtieswere,inmostinstances,eitherunreportedorstated
inveryqualitativetermssuchas“mountainousseas”.

Noneoftheslammingcasualtiesresultedincatastrophic
or‘unabletoproceed’damage.Indeed,mostofthecaseswere
minortotheextentthatsomeoftheshipswerenottakenout
ofservicespecificallytorepairthatdamage.Somecostdata
wereobtainedintheinstanceofslammin

i
damagetoships.The

averaecostofrepairswasfoundtobe
f

27,700witha spread
from4800to $68,700.

HeavyWeatherDamage.Forecastleand.Weather.Deck.
Thenextmostprevalentformofheavyweathercasualty

lmcoveredduringthesurveywasdamagetostructuralcomponents
ontheweatherdeck.Outof23cases17occurredintheareaof
theforecastleandtheremainderatlocationsfartheraft.Most
involveddamagetobulwarksandsometodecksandinternal
structuralmembersaswell.

Table13 summarizestheinfo~mationforsixspecificdesigns.
AllofthedesignsarecargoshipswiththeexceptionofDesign
‘Mlwhichisa tanker.
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Table13- SummaryofWeatherDeckDamagesinHeavyWeather

Design NumberofShips Numberof NumberofShipsHaving Location
inClass Casualties Casualties ForecastleAft

.1 6 7 4 6 -i
ii 5 5 3 5
M 1 5 1 5–
A 11 4 3 1 3
G 6 1 1 1
N 2 1

TOTALS T1 %
1

T7 ‘6

Fourofthedesignswarrantfurtherdiscussion.
FourofthesixshipsofDesign‘J’hadatleastseven

casualties,sixoccurringontheforecastleandoneinvolving
bulwai-ksfartheraft.Thetypesofstructuralfailuressympt-
omaticofthisdesignare:

1. forecastledecktornordeformed;
2. bulwarkandbulwarkbracketsandstiffeners

fractured,buckled,anddeformed;
3. internalbeams,longitudinal,and

framesdeformedorfractured.

Mostofthisdamageoccurredwithintheforward20to30feet
oftheforecastleintheregionshowninFigure10.

ThreeofthefiveshipsofDesign‘K’sustainedatotal
offivecasualtiesintheforecastlearea.l?orthemostpartthe
damageoccurredinanareabetween6feetand35feetaftofthe
forecastlehead.Bulwarkbracketsandkneesaswellasdeckplat-
ing,deckbeams,andgirdersweredeformedorfracturedinthe
areashowninFigure10.

Design‘M’isa tankerwhichhashadfivestructuralcasual-
tiesintheareaoftheforecastle.Threeofthecasesinvolved
onlyfracturingofbulwarkbrackets.Onecase,howeveryincluded
deformationandfractureofthebulwarks,deckplating,andinte-
rnalstructuralmembers.Inthisinstancethebulwarkswereset
outandthedeckplatingwassetup,indicatingthatforthis
casualtythedamageresultedfrommovingwatertrappedonthe
forecastle.Theremainingcaseinvolvedfracturedanddeformed
hullplatesinthevicinityofthehawsepipebothportandstar-
board,Figure10alsoshowstheforecastlearrangementofthis
ship.
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Design‘J’

—.

“u-
Fig.10

DeE@‘M’

- ArrangementofForecastle
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Design‘A’alsosustainedweatherdeckdamagewhichisof
interest.Threeofthe11shipsinthisclasshadatotaloffour
casualties.Onecasualtyinvolveddamagetotheforecastleand
appe,a?stobeanisolatedinstance.Theotherthreecasualties,
however,involveddamagetobulwarksmuchfartheraft,byhatch
numbers3,5,and6. Inoneinstance60feetofbulwarkwastorn
awayandmissing;inanother30feetofbulwarkwasseriouslydis-
tortedalongwiththefracturingofanumberofbulwarkbrackets.
Sincesidebulwarkdamageocmrredrelativelyinfrequentlyand,
sinceone-halfoftheoccurrenceswereonshipsofthisdesign~
itissuspectedthatthebulwarkarrangemento-nDesign‘A’is
marginallyadequateatbest.Figure11showsa sketchofthebul-
warkstructuraldesignforthisshipintheareawherethedarnage
occurred.

~8;’x3%’’x16#L

m

\
\
\

+

\
\ Fig.11- SketchofBulwark,Design‘A’
\

;’
12.75#ll!I
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INTERPRETATIONOFSTRUCTURALCASUALTYDATA

Inthelimitedsurveyofshipcasualtiescoveredbythis
reportitisnotpossibletoextractallofthemeaningfulinfor-
mationwhichmaybecontainedintheaccumulateddata.Yetthere
haveevolvedanumberoftrendswhichgivesomeinsightintowhat
maybelearnedbymoreexhaustiveanalysisofthesedataorfrom
moreextensivesurveysofthistype.Additionallythelimited
analyseswhichhavebeenmadecanbeinterpretedtoindicatea
logicalpathtofollowinfutureresearch,development,anddesign
yrojectsaimedatimprovedshipstructures.

Firstitisimportanttorememberthata shipcasualty
involvesbotha causeandaneffect--andthetwoarenotalways
separable.Furthermorebothcauseandeffectmayeachcomprisea
numberoffactorsrelatedtotheenvironment,operationaltech-
niques,economics,andchance,aswellastothemanycomplex
elementswhichenterintothedesignofamodernmerchantship.
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Anyinterpretationofshipcasualtydatawhichhasasi’t~goal
theimprovementofoneaspectofshipdesign,suchasshipstruc-
tures,mustnecessarilytakeintoconsiderationallofthefactors
involved.

A cogentexampleofthiscauseandeffectrelationshipis
foundinanalyzingstructuraldamageresultingfromcollisions.
Acollisionmaybecausedbyenvironmentaldisturbancesover
whichnocontrolcanbeexercisedsuchashighwindorunexpect-
edlystrongcurrent.Itcanbecausedbyimpropershiphandling
bythecrew,bypilotsanddockmasters,orbythecrewsofvessels
alongside.Thecausemayalsobelaidtothedesignerandbuilder
whoprovideinadequatemaneuveringcontrol,ortomalfunctioning
ofcriticalequipment.

Theeffectofa collision,asfarasthisstudyisconcerned,
isdamagetothestructureoftheship.Thepertinentquestionis
thenwhethertheshipstructuraldesignercandoanythingto
amelioratethedamageresultingfromcollisions.Thesurveydata
canbeinterpretedtoshowthat,tosomeextent,hecan.Referring
backtothecontoursofdamagelocationprobabilitygivenin
Figures5and6itispossibletomakesomeobservationsrelated
tothecauseandtheeffectofthecollisionswhichproducedthese
results.

Collisionswithbothfixedandmobilestructurescaused
damagemostfrequentlyintheregionoftheloadwaterline.Colli-
sionswithfixedstructuresalsoincurreda fairamountofdamage
just”belowthesheerstrake;boththewaterlineandabove-waterline
damageconcentrationscenteredprimarilyatone-thirdofthelength
andsecondarilyattwo-thirdsofthelengthfromthestern.These
concentrationsofdamagelocationcouldindicatethatcollisions
withfixedstructuresoccurredmostoftenwhentheshipsweremoving
forwardandthatcontactwasmadeintheregionofmaximumhull
curvature.Damagefromcollisionswithvesselsalongsidecentered
inaboutthesameregionofthewaterlineforward,buttheafter
damagecenteredatabout80%ofthelengthfromthestem.Also
damagefrommobilestructuresoccurredwithgreaterfrequencyaft
thanforwardindicatingthateitherthedamagedshipwasmoving
asternorthattheotherpartytothecollisionwastheculprit.
Itmightbementionedthatthisafterdamagecenterisa favored
regionforpushingwithtugswhenmovingawayfromapier.

Theforegoingdiscussionrelatesprimarilytoa surmiseof
causativefactorsincollisionsasindicatedbythesurveydata.
Ontheotherhandthesedamagelocationprobabilitycontourscould
beinterpretedasevidenceofa fa,ilureoftheshipstructureto
withstandcollisionswithfixedandmobilestructures.Bothsets
ofcontourshaveamarkedsimilarityinthisrespectinthatthe
damageoccurredmostfrequentlyattheweakestpointsofthehull
structure.

A conventionalhullgirderisdesignedwithmajorstrength
membersalongtheupperandlowerextremities,i.e.,themaindeck
andsheerstrakeandthedoublebottomandbilgestrake.Midship
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shellplatingisdesignedheaviertoresistbending.
aftpeaktanks,withtheirheavyinternalstructures,
greatdealofstrengthtotheforwardandafter5*of
Ifthistotalstren.dhpatternissuperimposedonthe

Theforeand
providea
thelength.
contoursof

I?igures5and6it;an~eseenthat~hep;ohabilityofsustaining
dama,geisinverselyproportionaltothestrengthofa conventional
hulldesign.

Whetheritiseconomicaltoattempttodesigna shipstructure
toresistoramelioratedamagefromcollisionsissomewhatquestion-
able.Howeverthedataobtainedinthissurveywouldindicatethat
ifsuchanattemptismadeitwouldlogicallyincludeinstallation
ofstringersalongtheshellatthewaterlineandwebframesin
theregionsofone-thirdandthree-quartersofthelengthfrom
thebow.

Althoughdesigntoreducecollisiondamagemaybeopento
questionthereappearstobenodoubtthatstructuraldesignto
reduce”heavyweatherdamageismandatory.Thisappliesbothto
slammingdamageanddamagetotheforecastleandweatherdeck.
Thebasiccauseofheavyweathercasualtiesisobviouslythe
environment.Theoperatorhassomecontroloverbothcauseand
effect;hecanreroutetheshiptoavoidheavyweatherandhecan
slowdowr””tolessenthechanceofsustainingdamage.Howeverboth
ofthesecontrolmeasureshaveaneconomicconnotationinthat
theyinvolvethelossoftimeanda correspondingreductionof
revenue.Thusitdevolvesuponthedesignertoprovidea vehicle
whichoffersmaximumprotectionagainstheavyweatherdamage.

Thelikelihoodofslaniningandoftakinggreenwaterover
theforecastleandweatherdeckisalsorelatedtothehullform
andtheconfigurationoftheabovewaterbodyoftheship’.
Weatherdeckdamagecanalsobeavoidedtosomeextentbythe
erectionofprotectiveharriers.Ifitisassurriedthatevery-
thingpossiblehasbeendonetominimizethehydraulicimpacts
itthenisnecessarytoprovidea structuretowithstandthe
loadingswhichmaybeimposed.

Thesurveydataalonedonotrevealmuchinformationon
whatcanbedonestructurallyasapalliativeforslamming
damage.Howevertheydoshowthespreadoffrom10%to30%of
thelengthoverwhichthedamageextendedandthatdamagewas
generallyconfinedtotheflatkeel,A-strekes,andfloorsin
thisregion.Thisshowsthelimitoftheareaoverwhichstruc-
turalstrengthmightbeincreased.Furthermore,ifdetailswere
availableonthemodificationsmadetoDe-sign‘A’,itwouldbe
possibletopointtoonestructuralarrangementwhichapparently
providedsatisfactoryresistancetoslammingdamageononecla,ss
ofships.

Fromthemeagerdataavailableonforecastledeckdamage,
onlytentativeconclusionscanbedrawnastowhatstructural
modificationsmightbewarranted.Ap~rentJyconventionalbul-
warkstructuresareadeqwatetowithstandthehydraulicimpact
incurredasthebowpitchesdownward.Themajordamageseemsto
havebeenincurredaftergreenwaterengulfedtheforecastleon
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a down-pitch;asthebowlifted,theupwardaccelerationofthe
massofentrainedliquiddevelopedforceswhichdeformedthe
forecastledeckandloweredthebulwarksoutboard.

Apparentlythedeckdrainageaffordedbyline-handling
openingsinthebulwarkisinadequatetocopewiththisproblem.
Oneinterpretationmightbetoeliminatethebulwarkandprovide
a considerableamountofcambertotheforecastledeck.Ifthe
bulwarkisrequiredasa sprayshieldinlesssevereweather,it
mightbereplacedbyrowsofspray-deflectingslatswhichwould
permitmorerapiddrainageoftheforecastle.Thesameapproach
mightbeconsideredinareas”ofthemaindeckabafttheforecastle
toprovideprotectionfordeckcargo--particularlyinthecase
ofcontainerships.

Theinstancewherea tankerincurreddamagetoplatingand
structurearounditshawsepiyepromptsaprecautionarynoterela-
tivetostructuraldesigninthebowregion.Arigidelementsuch
asthiscancreateahardspotwhichrestrictsflexingofthe
structureinresponsetoheavyweatherimpacts.Thiscanresult
inlocalizeddamageintheareawheretherigidelementisattached.
Excessivestiffeningoftheforefootortheforecastledeckcould
havea similarlyundesirableeffect.
CONCLUSIONS..OTllREC!ONDD3NDATIONS

Ithasbeenshown,evenfromthelimitedquantityof
casualtydataobtained,thatsignificanttrendsofstructural
failureareevident.Fromthedataevaluatedinthissurvey
ithasbeenpossibletodrawa fewconclusionsastodamage
relatedtoheavyweatheratseaandtherelativesusceptibility
ofvariousshipstructurestodamagefromcollisionswithfixed
andmobilestructures,

Althoughthesetrendsaresignificant,theyhavenotyet
beensufficientlyvalidatedtorecommendandjustifyspecific
structuralmodifications.Itisbelieved,however,thata
morethoroughexaminationofthecasualtieswhichproduced
thesetrendswouldbeofvalue.Particularlyincasesof
slammingdamage,andtoalesserextentcasesinvolvingdamage
totheforecastleandweatherdeck,itwouldbepossibleto
attaina betterunderstandingbyfurtherexaminationofthe
environmentalconditionsandofthehullformandabovewater
configurationinthebowa,reaofeachshipinvolved.

Incasesofcollisioncasualtiesitappearedthatthe
Wmagecenteredintheweakerregionsofthehullstructure.
~t thesedamageconcentrationswerealsologicallyrelatedto
operationalfactorsassociatedwithshiphandlinginrestricted
waters.Theunderstandingofcauseandeffectincollision
casualtiescouldbema,rkedlyimprovedbyaddingmoretanker
collisioncasualtydatatothedatabase.Thelongitudinal
framingoftankersappearstobeinherentlymoreresistiveto
damageofthistypeandthus,ifstructuralchangescanindeed
reducetheextentofcollisiondamage,thiswouldbecomeapparent
Inanalysesofsnchanexpandedcollectionofdata.Suchaddi-
tionaldataontankercasualtiesareavailableinthefilesof
theU.S.SalvageAssociation.
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Anystatisticalsmaryofamassofdatahasbotb.advan-
tagesandlimitations.l’hestatisticalapp~oachcanaidin
pointingoutareasofdamageattributabletospecificcausesand
thephysicalextentofsuchdamage.Thegreaterthemassofdata
themoreistheauthoritywithwhichthefingercanbepointedat
areasofdeficiency;thusthereisa strongtendencytoperpetuate
anydatacollectionandanalysisprogram.However,inthispar-
ticularcase,itisbelievedthatcontinuationiswarranted.At
presentitisevidentthatthedatacollectionandanalysispro-
gramhasyieldedinformationofspecificvalueasrelatedto
certaintypesofstructuraldamage.Withtheassimilationof
additionaldataitwillbepossibletolearnmo~eaboutthese
specifictypesofdamageandtoisolateothertypesofdamage
whichoccurfrequentlyinvariousclassesofships.

Thedatafarm,Figure1,derivedasapartofthisstudyis
generallyadequatetorecordthemaximpmamountofinformation
availablefromknownsourcesofcasualtydata.Althoughthe
formprovidesfornumerousentriesrelatedtotheextentof
damage,theapplicableinformationisseldomprovidedin
casualtyreports.Oneadditiontotheformissuggestedwhich
wouldmakethedatamoremeaningfulinthisregard--thecost
ofrepairs.Costwouldbeusednotasaneconomicindexbut
asananalyticalweightingfactorasameanstoassessthe
extentofdamage.

Itisalsoconcludedthat,whilestatisticalanalysesof
theaccumulateddataarevaluableandshouldbecontinued,the
ultimateworthofstudyingcasualtiesishighlydependentupon
anengineeringevaluationofallcasualtysituations.Froma
designviewpointitisessentialthatcauseandeffectbe
isolatedandcategorizedsoastodeterminewhataspectsare
designf~ctionsandwhataspectsareoutsidetherealmofthe
designe~.Inthissensethedesigner’srealmincludessuch
elementsaspropulsionandmaneuveringcontrol,hullconfigura-
tion,andarrangementsaswellasthehullstructureitself.
Thesedesignelementsareallinterrelatedintheperformance
ofa shipandmustbetreatedtogetherwhenexamininghowtotal
performancecanbeimprovedbothtechnicallyandeconomically.
Thuscasualtydataanalysesshouldbeundertakenbycompetent
engineerswhoareawareofalldesignelementsandwhohavea
reasonableunderstandingofthemanycomplexitiesofshipopera-
tion.Whenexaminingcasualtydatatheyshouldhaveaccessto
pertinentdesigndetailsoftheshipsinvolved,includinghull
linesandmachineryarrangementsaswellasstructuralplans.

A finalrecommendationonthecontinuedcollectingand
analysisofshipcasualtydataisthattheprocessbeexpanded
toincludealldataavailableforthelastfifteenyearsand
thattheprocessthenbekeptcurrentasnewcasualtiesoccur.
Inthiswaya solidbaseoffundamentaldatawillbeinhand
againstwhichnewdatacanbecompared.Itthenmaybepossible
tospotdeficienciesinspecificshipdesignsintimetorecom-
mendcorrectiveactionwhilethoseshipshaveusefulliferemain-
ing.Furthermore,overanextendedperiod,itwillbepossible
toevaluatethesuccessorfailubeofspecificmodifications.
Thiseventuallywillprovideapowerfultoolforimprovingthe
economicperformanceofshipsoftheU.S.Merchantfleet.
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